The effects of ambient temperature and source of exogenous energy (glucose or colostrum) on the ability of newborn Brahman calves to maintain rectal temperature (RT) were determined. All calves were removed from dams within 30 rnin of birth, before suckling. Calves were catherized and placed in either a warm (25OC) or cold (5OC1 environment for 150 min and given either colostrum or glucose. This resulted in four groups (warm colostrum, n = 7; cold colostrum, n = 7; warm glucose, n = 6; cold glucose, n = 6). Blood samples and RT were obtained at 15-min intervals during warm or cold through 150 min, when calves were removed from cold, and a t 180, 240, and 300 min. After 60 min, each calf was given either 1 L of colostrum (38" C) from its dam or glucose (38°C) infusion of 750 mg/kg BW. Plasma glucose concentrations were determined by enzymatic techniques and serum insulin concentrations by RIA. Calves exposed to cold or warm air temperatures had similar declines in rectal temperature from 0 to 60 min. Colostrum-fed, cold calves had a greater (P e .07) decrease in RT than did colostrum-fed, warm calves from 75 through 150 min; glucose-infused warm and cold calves had intermediate decreases in RT. Plasma glucose increased (P e .0001) in glucose-infused compared with colostrum-fed calves at 75 min, but glucoseinfused calves had lower (P c .02) glucose levels from 180 to 300 min. Higher (P c .05) glucose concentrations were observed in colostrum-fed, cold than in colostrum-fed, warm calves from 90 though 135 min. Insulin differed (P c .05) between calves given colostrum and those given glucose with a n environmental temperature x feeding interaction (P e .05). Colostrum-fed, cold calves were lowest in insulin until ending cold; glucoseinfused, cold calves had the highest insulin response a t 75 min and glucose-infused, warm calves at 135 min. Glucose-infused, warm calves had the greatest overall insulin response, but insulin in this group decreased to concentrations similar to those of calves given colostrum by 240 min. Yet, insulin was lowest in glucose-infused, cold calves from the end of cold (150 min) through 300 min. Newborn Brahman calves experience a greater decrease in RT when chilled. Infusion of glucose, but not feeding colostrum, enabled the chilled calves to maintain RT a t levels similar to those of both glucose-infused and colostrum-fed, warm calves.
ABSTRACT:
The effects of ambient temperature and source of exogenous energy (glucose or colostrum) on the ability of newborn Brahman calves to maintain rectal temperature (RT) were determined. All calves were removed from dams within 30 rnin of birth, before suckling. Calves were catherized and placed in either a warm (25OC) or cold (5OC1 environment for 150 min and given either colostrum or glucose. This resulted in four groups (warm colostrum, n = 7; cold colostrum, n = 7; warm glucose, n = 6; cold glucose, n = 6). Blood samples and RT were obtained at 15-min intervals during warm or cold through 150 min, when calves were removed from cold, and a t 180, 240, and 300 min. After 60 min, each calf was given either 1 L of colostrum (38" C) from its dam or glucose (38°C) infusion of 750 mg/kg BW. Plasma glucose concentrations were determined by enzymatic techniques and serum insulin concentrations by RIA. Calves exposed to cold or warm air temperatures had similar declines in rectal temperature from 0 to 60 min. Colostrum-fed, cold calves had a greater (P e .07) decrease in RT than did colostrum-fed, warm calves from 75 through 150 min; glucose-infused warm and cold calves had intermediate decreases in RT. Plasma glucose increased (P e .0001) in glucose-infused compared with colostrum-fed calves at 75 min, but glucoseinfused calves had lower (P c .02) glucose levels from 180 to 300 min. Higher (P c .05) glucose concentrations were observed in colostrum-fed, cold than in colostrum-fed, warm calves from 90 though 135 min. Insulin differed (P c .05) between calves given colostrum and those given glucose with a n environmental temperature x feeding interaction (P e .05). Colostrum-fed, cold calves were lowest in insulin until ending cold; glucoseinfused, cold calves had the highest insulin response a t 75 min and glucose-infused, warm calves at 135 min. Glucose-infused, warm calves had the greatest overall insulin response, but insulin in this group decreased to concentrations similar to those of calves given colostrum by 240 min. Yet, insulin was lowest in glucose-infused, cold calves from the end of cold (150 neonates (Preston and Willis, 1977 A condition that occurs in Bos taurus neonates known as weak calf syndrome has been described (Bull et al., 1974 (Bull et al., , 1978 Olson et al., 1980; Kvasnicka, 19821 . The cause seems to be inadequate amounts of crude protein in the diet of the dam before calving. This lack of protein may in turn have a negative effect on the immune profile of the colostrum of the dam and the development of the immune system of the neonate. Franke et al. (1975) have reported that weak calf syndrome occurs in Brahman calves born in a weakened state.
Another condition known as dummy calf syndrome has recently been shown to be common in Brahman and Chianina neonates (Kim et al., 1988) . This condition differs from the weak calf syndrome in that these neonates lack the instinct and(or1 ability to suckle. As the authors point out, not all calves with suckling problems are dummy calves, but all dummy calves have suckling problems.
Based on previous data reported by Godfrey et al. [lQQll combined with our field observations (unpublished data) we believe that the majority of the problem Brahman neonates we encounter in our cow herd would be normal calves if they were warmed. They do not display the characteristics of the dummy calf syndrome or of weak calf syndrome. Rather, our calves seem to be incapable of utilizing enough available body energy reserves to maintain body temperature (Godfrey et al., 1991) .
Several major metabolic alterations occur in the neonate due to an abrupt change in the source and supply of nutrients. At birth, the need for energy to support thermoregulation, respiration, and muscular activity is increased (Pate1 et al., 1982) . Blood glucose, one of the primary energy substrates available to newborn ruminants (Young et al., 1970) is low in the newborn calf until the first feeding of colostrum (Daniels et al., 19741. Colostrum and(or1 milk are the only natural sources of dietary energy available to the neonatal calf. However, colostrum may not supply a sufficient amount of carbohydrates to newborn Brahman calves that are chilled soon after birth. As a followup to a previous experiment (Stank0 et al., 1991) the present investigation was undertaken to determine the effect of nutritional source, exogenous glucose or colostrum, on 1) ability to maintain rectal temperature, 2 ) plasma glucose concentrations, and 3) plasma insulin concentrations in newborn, cold-stressed Brahman calves.
Materials and Methods
Animals and Treatments. Twenty-six newborn Brahman calves, born in late August through early November, were used in this study. During pregnancy, dams bearing these calves had body condition scores of 6 to 8 (Wagner et al., 1988) and were maintained on Coastal bermudagrass pasture. Dams were monitored every 2 h until signs of parturition began and continuously thereafter until delivery was completed. All calves were removed from their dams within 30 min after birth and before suckling occurred. Immediately after removal from their dam, the calves were transported to the experimental facility, where they were weighed and fitted with a n indwelling jugular catheter (Intracath, Catalog No. 38-3372-1, Deseret Medical, Parke Davis, Sandy, UT). Calves were kept individually in .9-m a) x .9-m (w) x .6-m (closed-bottomed, open-topped) plywood boxes for the duration of the experiment. All calves were returned to their dams at the end of the experimental treatment and observed for several hours to ascertain that they were accepted by their dams.
The calves were randomly assigned by sex and order of calving to one of two temperature treatments, warm (25" Cl or cold (5" Cl, and to one of two nutritional treatments, exogenous glucose (i.v.1 or colostrum (oral). This resulted in four treatment groups: warm colostrum (n = 71, cold colostrum (n = 71, warm exogenous glucose (n = 61, and cold exogenous glucose (n = 6). The calves in the warm treatment were housed at air temperatures 2 25" C for the entire 300-min treatment period. The coldtreated calves were exposed to air temperatures of approximately 5°C inside a 2.1-m 11) x 2.4-m (w) x 2.1-m (h) refrigerated chamber from 0 min through the 150 min of treatment. The ambient temperature was measured inside the wooden box at each blood sampling and ranged from 4.0 to 5.9"C. A moderate amount of air movement was produced inside the chamber by the refrigeration unit located 1.5 m above the calves. These calves were then transferred to the warm environment and maintained at 25°C for the remaining 150 rnin of treatment. Calves were either fed colostrum or intravenously infused with glucose after the 60-min blood sample. The colostrum-fed calves received by stomach tube or nipple bottle 1 L of colostrum (38°C) obtained from their own dam. Calves infused with glucose received 750 mg/kg BW (Colvin et al., 1967) of glucose warmed to 38 " C via jugular catheter. The infused glucose was a 2.8 M solution of alpha-D(+) glucose (dextrose; corn sugar, Sigma Chemical, St. Louis, MO), and it was given as a single bolus during a 2-min period.
Sample Collection. Blood samples and rectal temperature measurements were taken at 15-min intervals from 0 min through 150 min and then at 180, 240, and 300 min. Twenty milliliters of blood was drawn via the jugular catheter at each sampling. Blood volume was replaced with sterile physiological saline solution (.9% NaCl) warmed to Statistical Analysis. Data were analyzed as a 2 x 2 factorial design using the GLM procedure of SAS €or analysis of variance of repeated measures (SAS, 1985) . Dietary regimen and environmental tlsmperature were used as the main effects. Data were divided into three periods, 0 to 60 min, 75 to 150 min, and 180 to 300 min, and analyzed as time effects. Comparison of specific sampling times within each period were made when the dietary regimen x environmental temperature interaction was significant. Rectal temperature was adjusted for ,initial rectal temperature differences by e x presidng temperature as Ti -To, where Ti was the 
Results
Body Temperature. No difference in the change in rectal temperature was detected between treatments during 0 to 60 min or 180 to 240 min. The decrease in rectal temperature was not affected by environmental temperature or dietary regimen; however, a n environmental temperature x feeding interaction (P = .05) was detected during the 75-to 150-min period. Cold treatment calves fed colostrum had a greater (P e .07) decrease in rectal temperature from 75 to 135 min than did warm calves fed colostrum. In contrast, cold and warm calves infused with glucose had similar (P > .lo) decreases in rectal temperature and did not differ (P > .lo) from warm calves fed colostrum (Figure 11 .
Circulating Glucose. Before colostrum or glucose infusion at 60 min, all calves had similar (P > .lo) plasma glucose concentrations (Figure 21 . During the 75-to 150-min period a n environmental temperature x feeding interaction (P < .05) was observed.
Upon feeding or infusion, plasma glucose concentrations increased dramatically (P < .0001) in the Time (min) Figure 1 . Effect of glucose (G) infusion or colostrum (M) feeding on the mean decrease in rectal temperature ("C) from 0 rnin in newborn Brahman calves. Calves' rectal temperatures were recorded before feeding or infusion while they were exposed to 25°C (WARM PRE TRT) or 5°C (COLD PRE TRT) and after colostrum feeding while they were exposed to 25°C (WM) or 5°C (CM) followed by 25"C, or after infusion (750 mg/kg BW) of glucose while they were exposed to 25°C (WG) or 5°C (CG) followed by 25°C. Bars represent SEM. Effect of glucose (G) infusion or colostrum (M) feeding on mean plasma glucose in newborn Brahman calves. Calves' plasma glucose concentration was determined before feeding or infusion while they were exposed to 25°C (WARM PRE TRT) or 5°C (COLD PRE TRT) and after colostrum feeding while they were exposed to 25°C (WM) or 5°C (CM) followed by 25"C, or after infusion (750 mgkg BW) of glucose while they were exposed to 25°C (WG) or 5°C (CG) followed by 25°C. Bars represent SEM.
glucose-infused calves compared with the colostrum-fed calves, and the infused glucose seemed to be utilized by 2 h postinfusion (180 min sampling).
Complete utilization was indicated by lower (P < .02) plasma glucose concentrations in the glucoseinfused than in the colostrum-fed calves in the period from 180 to 300 min. An elevated (P < .05) plasma glucose concentration was observed in colostrum-fed calves exposed to 5" C a t 90, 105, and 135-min samples, compared with warm calves fed colostrum ( Figure 2) . No treatment interaction (P > .lo) was observed in plasma glucose concentration during the 0-to 60-min or 180-to 300-min periods.
Insulin. Serum insulin concentrations were similar Ip > .lo) in calves on both temperature treatments before feeding colostrum or infusing exogenous glucose (Figure 3 ). Calves infused with glucose had greater Ip < .05) serum insulin concentrations after infusion (75 to 150 mid.
Environmental temperature did not affect (P > .lo) serum insulin concentrations. However, a treatment interaction Ip < ,051 was observed during the 75-to 150-min period. Glucose-infused calves exposed to 5°C temperatures had the highest serum insulin response a t 75 min, whereas colostrum-fed calves exposed to 5°C temperatures had the lowest serum insulin concentrations until removal from the refrigerated chamber (Figure 3) . 
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Discussion
When exposed to either cold (5°C) or warm (25OC) air temperature soon after birth, Brahman calves had similar decreases in rectal temperature during the first 60 min. These data differ from rectal temperature data previously reported by our laboratory (Godfrey et al. 1991; Stanko et al., 199 1) . However, the cold-stressed, newborn Brahman calves that received colostrum rather than glucose infusion had a greater decrease in rectal temperature from 75 to 150 min than did warm contemporaries. The large decrease in rectal temperature experienced by these; colostrum-fed calves provides evidence of cold stress, as defined by Olson et al. (1982) .
In mammals, birth creates a drramatic change in glucose homeostasis. The maternal sys tem produces and supplies all the endogenous glucose needed by the fetus in utero (Girard and Ferre, 1982) . At birth, the maternal supply of glucose ceases abruptly, and the newborn must withstand COLD-STRESSED, NEWB( a brief period of energy deprivation before it receives a new source of glucose from colostrum (Girard, 1986) . During this brief period Daniels et a1. (1974) have observed a marked hyperglycemia 30 min after birth, followed by a decrease in blood glucose. Furthermore, they reported that colostrum consumption influences blood glucose concentration differently according to when it is given. They noted a limited increase in blood glucose when colostrum was fed a t 6 h after birth, a greater increase after the second feeding at 12 h, and no change following the third feeding at 18 h.
The glucose provided by colostrum is derived from lactose (2.5 to 3.0%; Jenness, 1985) . Colostrum-fed calves in the present study received approximately 50 to 60 g of oral glucose, whereas the glucose-infused calves received 17.5 to 30 g, depending on BW. The average initial blood glucose concentration of these newborn Brahman calves was 54 mg/dL. This value is similar to blood glucose concentrations reported in Holstein calves (Daniels et al., 1974) . Contrary to data reported by Grongnet (19821, no differences in plasma glucose concentration were detected between warm-and cold-housed calves during the 1st h of treatment before either feeding or infusion. In other species, such as the rabbit (Dawkins and Hull, 1964) and lamb (Alexander and Mills, 19681 , blood glucose concentrations are elevated when fasted neonates are exposed to cold temperatures.
Newborn, cold-stressed Brahman calves fed colostrum experienced a two-fold increase in plasma glucose concentrations; however, it seems that this level of colostrum was not effective in overcoming the effect of cold temperatures on rectal temperature. Our laboratory has previously shown that newborn, colostrum-fed Brahman calves exposed to cold (5°C) air temperatures cannot maintain rectal temperature (Godfrey et al., 1991; Stanko et al., 1991) . This is probably due to insufficient glucose supplied via colostrum and is similar to the observations in newborn lambs by Girard (1986) . Another explanation is a n inability of newborn Brahman calves to utilize available glucose when they are in cold environments. Glucose is one of the primary energy substrates available to newborn ruminants Noung et al., 1970; Daniels et al., 19741 , and increased amounts are needed to support neonatal thermoregulation (Pate1 et al., 19821, especially in newborn, coldstressed animals. Similar to plasma glucose, serum insulin concentrations in calves did not differ between environmental temperature treatments and remained relatively constant before colostrum feeding or glucose infusion (i.v.1. In contrast, plasma insulin levels in newborn sheep, rabbits, and pigs either fall or remain a t low levels during the immediate postnatal period (Girard and Ferre, Time (min) Figure 3 . Effect of glucose (G) infusion or colostrum (M) feeding on mean serum insulin in newborn Brahman calves. Calves' serum insulin concentration was determined before feeding or infusion while they were exposed to 25°C (WARM PRE TRT) or 5'C (COLD PRE TRT) and after colostrum feeding while they were exposed to 25°C (WM) or 5°C (CM) followed by 25"C, or after infusion (750 mg/kg BW) of glucose while they were exposed to 25°C (WG) or 5°C (CG) followed by 25°C. Bars represent SEM. 1982). These authors suggested that this may be related to the stress of birth.
As expected, serum insulin was elevated and later declined concomitant with plasma glucose in the glucose-infused, newborn Brahman calves. The serum insulin response in colostrum-fed contemporaries was not apparent. This differs from a study conducted by Edwards (1989) with 1-d-old Bos tuurus calves that were not cold-stressed, in which glucose injections (500 mg/kg BWI did not augment plasma insulin concentrations. The low insulin concentration (z ng/mL) indicates a slow or delayed insulin release in these young calves (Edwards, 1989) . In our newborn Brahman calves, insulin synthesis and secretion seems to be sufficiently stimulated by elevated blood glucose concentrations. The discrepancy between results may be due to differences in ages, breeds, and glucose doses used or assay procedures used to determine insulin.
Cold-stressed calves infused with glucose had an elevation in serum concentrations of insulin from the time of infusion until removal from the refrigerated chamber. In contrast, cold-stressed calves fed colostrum had the lowest serum insulin concentrations during the same interval. This low level of insulin release is possibly a result of combined effects of birth and cold stress on the neonatal pancreas, or this may be a normal insulin release for colostrum or oral glucose. The increased circulating glucose observed in the colostrum-fed calves may indicate that glucose was absorbed faster than it could be utilized. Alternatively, the lower insulin concentration may be responsible for the elevated glucose concentration, rather than increased colostrum utilization, found in colostrum-fed calves. The present study implies that the energy intake from colostrum is insufficient to permit adequate thermoregulation in newborn Brahman calves when they are exposed to cold ( 5 ' C) environmental temperatures. However, intravenous glucose infusion (750 mg/kg BW) supplied enough energy to chilled, newborn Brahman calves for appropriate heat production. This is indicated by similar decreases in rectal temperatures observed between the two environmental temperature treatments.
Research regarding the approximate time that a newborn Brahman calf can fully maintain thermostability in a cold environment is needed. At present it can be estimated that this occurs between 12 and 24 h after birth (Godfrey et al., 1991; Stanko et al., 19911 . The role of hormones and metabolites during neonatal thermoregulatory development in Brahman calves needs to be more clearly defined. Whether glucose infusion promotes thermostability by increasing blood glucose concentrations or pancreatic responsiveness or a combination of insulin-related tissue effects remains to be determined. Furthermore, the appropriate volumes, hour of administration, and method of dosage of colostrum feeding and exogenous glucose infusion need quantification. Consequently, an understanding of the metabolic and thermoregulatory systems that assist calves through the transition from an intrauterine to an extrauterine environment is necessary to increase survival rates of newborn, cold-stressed Brahman calves.
Implications
Feeding colostrum alone may not supply enough readily usable energy substrates to support thermostability in chilled Brahman calves during the 1st d after birth. Newborn Brahman calves infused with exogenous glucose intravenously (750 mg/kg BWI seemed to maintain rectal temperature at levels similar to glucoseinfused and colostrum-fed controls, whereas coldhoused, colostrum-fed calves did not. It is speculated that this maintenance of rectal temperature was due to elevated blood glucose and(or1 concomitant increased insulin release observed in these chilled, newborn calves.
Literature Cited
